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iKt(Omi^^^mM.^i^:^ni-M^j:i><^tLXm^fhtii>o ^^mt<Di^. fztx. 
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^7t. |?-^R^t;ov^T{i, -OEt. -O'Bu^ -OB n^O^^ll^^r^LT^^ 
1 0 0 2 71 

^ + ->;^^^>^x>'K7)T;i^T't (-CHO) -vcoj:.-:^- 5 K'ffc^J^tTJAl^l^^SnR 
. THF^(7)al-■r;^^^^fflv^^^> J; SlD^Sl^fi, - 2 0 °C~ 4 0 °CfI)$ <7)$Eia75^~ 
^b-^ij^t Kib^J^iico-f^ffliiJ^t^ov^Tti. *;i'JttL-CO. 1-1 OflJKOiEH 
[0 0 2 8] 

¥i\:^^(DmM-^1mKJZAzi5\.^X{i. fz t x.iim%^<n^ (1) (T)^:^-'; v^i'^ 
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OM e -N a BH4^<7)*'>«il7C^J'fb^!l^^^(7)^Jl7lc^<l:!|^^ fcti^MTK^fg'fb^i}^ 

mfi£<7)^ (5) T-^^^tL^^^^rS'tt'^ a - Kn^v-7 -7^^ ^Amt;^^^^^c$s1^-r 
-g. ^ t 7)^'-e -I) o i: X. (i\ T v ;u^7i^^^ ^ v ;w ^ ^ v 4^'- ;i-^<7)^i^ (i^f5!fe;!K* 

[0 0 3 1 ) 

[0 0 3 21 

[ 0 0 3 3 1 

^ ^ <7) 00 ilJ: o T II y^^TI^ $ n ^ t (i ^ V ^ o 
[*M1?fll 
[0 0 3 41 

^MIMItcjsv^Tfi. #lcB;5|eLTv^.&t^'a-I^J.^1-t-(i, ^ 7 ;i' vT ^ igand) O 

tt^-^ f± 0 4) O ^ ^ L T u ^ -5, o 
[0 0 3 51 
[it 9] 



/— NH HN— \ 

^ ^ R' R /=N N=^ 

3a: R = 1-nap R r 

3b: R = (3.S-('Bu)2)-Ph 3g: R = Ph 3^. ^^^^^ 

3c:R='Bu 3h:R = 'Bu Sj:' R = 1-nap 

^'i-^^Piy 3k:R = 2-nap 

3e; R = (o-F)-Ph 31: R = (3,5.di'Bu)-C6H3 

3f:R = (o-OMe)-Ph 3n,:R=o-Tol 

3n: R = m-Tol 
3o: R = p-Tol 
3p: R = />-Et-C6H4 
3q. R = p.'Pr-C6H4 
3r: R = p-F-C6H4 
3s: Rsp-CI-CeH^ 
3t: R = p-Br-C6H4 
/~NH HN— \ 
R R 
3v: R = Ph 
3w:. R = 2-nap 
3x: R = (3.5-('Bu)2)-Ph 




<mmm i > 

>k^l,Zi3\,^X^ R7&*4 -B r C6H4T'*>&^v;l'vT5 ^Sefi^^- (9. 9 m g , 0. 0 
2 2mmo 1) <7)CH2Cl2 (1. 5ml) <Dmi^^ . CuC104-4CH3CN(6. 
5mg. 0. 0 2 0mmol) i,ZT :^:^Wm%TliZm^. ^iXf-iM^i^iUi: 8m^i^J^± 
mWL. 0°C(;<^^iPL/i< 
[0 0 3 61 
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R R 
[0 0 3 7] 

[<b 1 1 ] 

o 

-C-^:b$ tL^a^-5^;l/r ^^->l/-h (100//1> 0. 40 mm o i ) <7)C H2 C 1 2 
(0. 8ml) mi&.tmuL. ^hizmnzTFLtz^ (2) <7)J^•:^5 K(enamide) (0 

. 2 Ommo 1) OCH2CI2 (0. 8ml) v#?ig^tnx. Tto 
[0 0 3 8] 

KJZ^m^^iUi 0 °cco?ujg-c- 1 Bfrem^L, n a h c 03mu7Kmm^i]nK,xj^miw± 

^^tfzo ^(D^ik. KfiL'^M;^m^^&tL. CH2C l2-efflmL/Co *1tffi^?7fe?#-> ^'J^L 
[0 0 3 9] 

mm^tmM^^fzm-. ^^it^EtOn (3. Oml) ^z-mmt. 4 8%HB r7Kr§jiS 
(0. 3ml) ^inx., gyat^iJV^-r 1 . 5^fi\mWLfzo 
[0 0 4 01 

i:nfzo ZcDiiCOit'yV ijy)Vi7U-7 h 7 - J: ^mMLfzo 
[0 0 4 1 ] 

^UC{±J^:^5 KcO^imt^lSC/iRSWi: e e (%) ^^L/Co ^iiBee (%) (i. 
HP LC^^ft^J: •9^^L7to 
[0 0 4 2 ] 
[*1] 



Na 


R2 




R^ R = 


JR ^ 

(%) 


e e 

(%) 


1 - 1 


B n O 


P h 


H, H 


9 3 


9 7 


1 -2 


B n O 


4-MeO-Ph 


H, H 


9 4 


9 3 


1 - 3 


B n O 


4 -C 1 - P h 


H. H 


9 7 


9 7 


1-4 


B n O 


4 -Me - P h 


H. H 




9 6 


1 - 5 


B n O 


2 


H. H 


9 1 


9 6 
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[0 0 4 3 1 

Q (25)-2-Hydroxy«4-oxo-4-phenyl-butyric acid ethyl ester: 

BO^^^^--^^^ (CDCI3) S = 1 .27 (t, 3H. / = 7. 1 Hz). 3,29 (brs, IH), 3.44 

5h o (dd, IH, 7 = 6.1, 17.6 Hz), 3.52 (dd. IH. 7 = 3.9. 17.6 Hz), 4.25 
(q, 2H, /= 7.1 Hz), 4.61-4,67 (m, IH), 7.44-7.50 (m, 2H), 7.54-7.60 (m, IH), 7.92- 
7.98 (m, 2H); 13c NMR (CDCI3) 5 = 14.0. 42,1, 61.8, 67.1, 128.1, 12S.6, 133,5, 
136.4, 173.7, 197,5. IR (neat) 3475. 3063, 2983, 1737, 1687, 1597, 1580, 1449, 1368. 
1213, 1098, 1045. 860. 759. 690, 582, 499 cm-^; HRMS (FAB); Exact mass calcd for 
C12H15O4 [M+H]+. 223.0970. Found 223.0972.; HPLC, Daicel Chiralcel ADH. 
hexane/'PrOH = 4/1, flow rate = 0.5 mL/mm : = 19.9 min (5). fR = 22.2 min (R). 



^ ^;^:'^^OMe (25)-2-Hydroxy-4-(4-inethoxy-phenyl)-4-oxo- 

Jl,^^^^,..^]^;^ butyric acid ethyl ester: ^H NMR (CDCI3} 5 = 1,28 

5h o 3H. /= 7.1 Hz). 3.41 (dd, lH.y= 5.9. 17.4 Hz), 3.48 

(dd, IH, / = 4.0, 17.4 Hz), 3.48 (brd, IH, J = 6.8 Hz), 
3.87 (s. 3H), 4.26 (q, 2H. /= 7.1 Hz), 4.60-4.70 (m, IH), 6.91-6,97 (m, 2H), 7.90- 
7.97 (m, 2H); ^^C NMR (CDCI3) 6 = 14,0, 41.7, 55.4, 61.7, 67.3, 113.8, 129.5, 130.4, 
163.8, 173.8. 196.1. IR (neat) 3483, 2979. 2841, 1739. 1677. 1600, 1575, 1512, 1465, 
1421, 1368, 1265. 1172, 1099, 1027. 988. 895. 834, 737, 579 cm'h HRMS (FAB); 
Exact mass calcd for CiaHnOs [M+H]+, 253. 1076. Found 253. 1097.; HPLC. 

Daicel Chiralcel ADH. hexane/TrOH = 4/1, flow rate = 0.4 mL/min : = 43.1 min 
(S), tR = 45.7 min (R), 



(25)-4-(4-ChJoro-phenyl)-2-hydroxy-4-oxo-butyric 
acid ethyl ester: ^H NMR (CDCI3) 5 = 1.28 (t, 3H, J = 
7.1 Hz). 3.42 (dd, IH. 7 = 6.1, 17.3 Hz), 3.49 (dd, 1H,7 = 
3.9, 17.3 Hz). 3.41-3.47 (brd, IH). 4.26 (q, 2H. 7 = 7.1 
Hz). 4.62^.70 (m, IH). 7.42-7.48 (m, 2H). 7.86-7.93 (m. 2H); l^c NMR (CDCI3) 6 = 
14.1. 42.2, 62.0. 67.1. 129.0, 129.6. 134.8, 140.1, 173.7. 196.3. IR (neat) 3480. 2982, 
1739, 1684, 1590, 1573, 1402. 1213, 1093, 1045. 820, 531 cm-l; HRMS (FAB); 
Exact mass calcd for C12H 14CIO4 [M-hH]+, 257.0580. Found 257.0584.; HPLC, 
Daicel Chiralcel ADH. hexane/«PrOH = 4/1, flow rate = 0.5 nilVniin : tR = 24.2 min 
(S), = 26.5 min (/?). 

[0 0 4 4] 



ElO 
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[«3] 

(2S)-2-Hydroxy<4-oxo-4-/>-tolyl-butyric acid ethyl 
ester: iH NMR (COaa) S = 1.28 (t, 3H, 7= 7.1 Hz). 
2.41 (s, 3H). 3.44 (dd, IH, J = 5.9, 17.4 Hz), 3.51 <dd, 
IH. 7= 4.0, 17.4 Hz), 3.45-3.55 (bre, IH), 4.26 (q, 2H, J 
= 7.1 Hz), 4.66 (dt, IH. /= 4.2. 5.5 Hz), 7.26 (apparent d, 2H, J = 8.0 Hz), 7.85 
(apparent d. 2H. 7 = 8.2 Hz); 13C NMR (CDQs) 5 = 14.0, 21.6. 42.0. 61.7. 67.2. 
128.2. 129.3. 133.9, 144.4. 173.7. 197.1. IR (neat) 3483, 2981. 1742, 1682. 1606. 
1405, 1365. 1212. 1098, 1044, 813, 578 cmrh HRMS (FAB); Exact mass calcd for 
C13H17O4 [M+H]+. 237.1 127. Found 237. 1 120.; HPLC, Daicel Chiralcel ADH, 
hexane/'PrOH = 4/1. flow rate = 0.3 mL/min : /r = 36.1 min (5), ir = 38.2 min (/?). 



(2S)-2-Hydroxy-4-iiaphthalen-2-yl-4-oxo-butyricacid 
ethyl ester: ^H NMR (CDCI3) 8 = 1.28 (t, 3H, 7 = 7.1 

OH O Hz), 3.52 (d. IH, 7= 5.9 Hz). 3.59 (dd, IH, 7 = 6.1. 17.3 

Hz), 3.66 (dd, IH, 7= 3.9, 17.3 Hz), 4.28 (q, 2H, 7= 7.1 Hz), 4.73 (dt, IH, 7 = 4.2, 
5.4 Hz), 7.50-7.65 (m, 2H). 7.82-8.20 (m, 4H). 8.45 (s, IH); l^c NMR (CDCI3) S = 
14.1, 42.3, 61.9, 67.3, 123.6, 126.9. 127.8, 128.6, 128.8. 129.6, 130.2, 132.4, 133.8, 
135.8, 173.9. 197.5. IR (neat) 3481. 3058. 2982. 1741. 1681, 1627, 1469, 1369, 1209, 
1097, 1045, 859, 824, 749, 477 cm'i; HRMS (FAB); Exact mass calcd for C16H17O4 
EM+H]+, 273. 1 127. Found 273.1 125.; HPLC, Daicel Chiralcel ADH, 
hexane/'PrOH = 4/1, flow rate = 0.5 mL/min : ir = 27.0 min (S), ir = 30.4 min (R). 

<mmm2> 

^ ym'i.^f-t CuC104-4CH3CN<hm: ^ ^i- ^ Y (Di^miilMRB'kfj^^. a 
[0 0 4 5] 
[0 0 4 61 
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[m4] 



O ....Xbz Catatysl o 

HN (10mol%) J! 



Ph 



OH N.^^ 
Cbz 



(1-2eq.) 


(1.0 eq.) 






1 


entry 








y '''/ 






Oct 






2 




3i 

wl 






3 


CuPF6•4CH3C^4 


3i 


94 


82 


4 


CuOT^0.5C6H5CH3 


3i 


66 


78 


5 


CuCI04«4CH3CN 


3j 


92 


73 


6 


CuCI04»4CH3CN 


3k 


52 


68 


7" 


CuCI04«4CH3CN 


3i 


48 


91 


B'^ 


CuCI04-4CH3CN 


3i 


97 


93 


9" 


CUC104-4CH3CN 


3i 


quant 


94 


10" 


CUC104-4CH3CN 


3m 


97 


81 


11" 


CuC»04-4CH3CN 


3n 


quant 


86 


12" 


CuCI04*4CH3CN 


3o 


98 


95 


13" 


CUCI04-4CH3CN 


3p 


87 


94 


14" 


CuCI04^4CH3CN 


3q 


93 


94 


15" 


CuCI04-4CH3CN 


3r 


97 


96 


16" 


CUCI04-4CH3CN 


3s 


93 


96.5 


17" 


CuCI04^4CH3CN 


3t 


93 


97.0 



* The attsolute configuration is S except in entry 1 (R). * -78 
"C. " Ethyl glyoxytate (1.5 equiv) was used. Ethyl 
glyoxylate (2.0 equiv) was used. 



<^*fe^iJ3 > 

mMM2(DKfBi. ^m(Oj:-i-^ K^fflv^. C u C 1 04 • 4 C H3 C NOj^fflM^^jg 
[0 0 4 7] 
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1*5] 



CuCI04«4CH3CN 
3t 

HN (X mol%) 

EtO 



EtO Y CHjCla.O'C.lh 1^ 

2 



entry 


2 


X {mo»%) 


yield (%) 




1 


2a (R = Ph) 


10 


93 


97 


2 


2a 


5 


d4 


96 


3 


2a 


2 


96 


95 


4 


2a 


1 


90 


94 


5 


2b (R = PMP) 


10 


94 


93 


6 


2c (R = PCP) 


10 


97 


97 


7 


2d (R = PMeP) 


10 


quant 


96 


8 


2e (R - 2-Nap) 


10 


91 


96 



R 

Cbz 



Cbz = Benzyloxycarbonyl. PMP = p-Melhoxyphenyl. 
PCP = p-Chtorophenyl. PMeP = p-Methylphenyl. 2-Nap 
= 2-Naphthyl. 

mmm2 izi3\.^'c. mit^^^icu (oxf) ■zm^ux^xKiZ^^^n-ofz, 

[0 0 4 8] 
[0 0 4 91 
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O Catalyst o 

5(1.2eq.) 2a(1.0eq.) 6a 





metal 


ligand 


yiekl (%) 


ee (%y 


1 


CU(OTf)2 


3a 


93 


55 


Z 


Cu(OTr)2 


3a 


91 


54 




Cu(OTt)2 


3a 


89 


58 


4 


Cu(OTf)2 


3b 


74 


59 


5* 


Cu(OT02 


3c 


58 


57 


6 


Cu(OT02 


3d 


96 


46 


7 


Cu(OTf)2 


3e 


97 


37 


8 


Cu(OTI)2 


3h 


70 


73 


9 


Cu(OTf)2 


3i 


65 


70 


10 


Cu(OT02 


3j 


66 


28 


11 


Cu(OT02 


3k 


71 


52 


12 


Cu<OT02 


31 


68 


17 


13 


Cu(OTf)2 


3v 


89 


51 


14 


Cu(OTf)2 


3w 


91 


50 


15 


Cu(OTf)2 


3x 


quant 


62 


16 


Cu(SbF6)2 


3b 


77 


44 



* Catalyst (30 nriol%) was used. -20 X. 



<mmM5> 

[0 0 5 01 

■t^j:t>-tb. nm-^i^THF (2. 0ml) tUe OH (0. 5ml) (DW^^m'^'muL 
, - 7 8"CtC?^iPLfCo E t2B0Me ( 7 9 U 0. 6mmo 1 ) ^y^:IjpL. 1 5^ 
F^^^I^L/co -J^v^-C. NaBH4 (2 2. 7mg, 0. 6mmol) ^'{MuLfZo 'i^'^U 

[0 0 5 1 1 

Ac OH (0. 3 /u I) (D'mui^X ^KJ^'^W^^"^. Um^^M^tLtZo 
[0 0 5 21 

Mit^m^. 4 6. 5mg, we 5%-et#/Co s y n/a n t i = 9 4/6t:^)o 
[0 0 5 31 
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4-Benzyloxycarbonylaiiuno-2'hydroxy-4-pheiiyl- 
EtO''^^N-'"''^V^^^ butyric acid ethyl ester: (10, syn/anH = 94/6): ^ H NMR 

6h HI^ O^Ph (CDCI3) 5 = 1.23 (t. 3H X 19/20. J = 7.1 Hz). 1.25 (t. 3H 

T 

X 1/20. y = 7.0 Hz). 1.95-2.40 (m, 2H). 3J3 (brs. IH x 19/20). 3.51 (brs. IH x 1/20). 
4.00-4.40 (m, 3H), 4.85-5.20 (m, 3H). 5.52 (d, IH x 19/20. 7= 7.3 Hz), 5.96 (d. IH x 

1/20, /= 8.2 Hz), 7.00-7.60 (m, lOH); l^C NMR (CDCI3) syn: 5 = 14.1, 40.3, 52.6, 
61.8, 66.8, 68.4, 126.4, 127.6, 128.1, 128.4, 128.7, 136.3, 141.4. 155.7, 174.4; and: 
(distinguishable peak) 40.2, 52.4, 67.8. 126.2, 127.4, 141.1, 156.0, 174.3; LRMS 
(FAB) m/z = 358 (M+H*) 

^ , W 66%^ syn/anti=78/22 <D^W:^^% h Kfzo 
<«^U6 > 

•>>:<7)S)S^tlfi£oT. ^*fef!l5<7)^fiKtlJ: y-7^9 2^m (12) =Sr^^L/Co 
[0 0 5 4 1 
1 2 ] 



9 TBDMSOTf 9 



Ph 2,6-kitidine ^^A^^Ph AcOH 



BO^^YT' ^ BO 



Pd/C, H2 



OHHN CH2Clj.rt,10h A AcOEt. rt. 11 h 

Cbz 92% yield ^^S Cbz ™SO 

lO ' 11 quant 12 

1 ) BUlS^^ (10) (31. 3mg, 0. 088 mmo 1) <7)CH2Cl2 (0. 6ml 
) 2. 6-lutidine (12. Omg^ 0. 114 mmo 1 ) OC HaC 

1 2 ( 0 . 2ml) t > t e r t - v ^ ^L- -> 'J ;v h U 7 ;!/ :t n ^ ^ > ;^ 

^>-h:TBDMSOTf (27. 8mg, 0. 105mmol)OCH2C l2V#?S?r, 

[0 0 5 5] 

RCDfS-^tJ^M^atiisv^r 1 OB#^«fl^t^co 

[0 0 5 6 1 

7K=^?^tDL/tmtCCH2C l2-caaiL. ^^LTtmiZ. vtS^^H^-^ 

/Co ffi^l^i|^t±v'J •nYH^^'^'^ hir^y^-izx ^mULfzo 
[0 0 5 7] 

'^CCO-ffc^t; (11) ^37. 9 m g mm 92%) t#7to 
[0 0 5 8] 
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[«81 

O 4-BenzyloxycarbonyIaiiiuio-2-(/e/t-butyI-dunethyI- 
EtO''''''Y^"^^'' saaDyIoxy)-4-phenyl-batyric acid ethyl ester (11, 
jg^^^ HN^ ^ diastereomer mixture): 'H NMR (CDCI3) 5 = syn: -0.03 (s, 
3H), 0.02 (s, 3H), 0.90 (s, 9H), 1.15-1.27 (m, 3H), 2.00-2.35 (m, 
2H). 3.90-4.30 (m, 3H). 4.80-5.15 (m, 3H). 5.50 (brs, IH). 7.15-7.40 (iru 10 H); anti: 
(distinguishable peak) 5 = -0.02 (s. 3H), 0.03 (s. 3H), 5.62 (brd. IH, J = 7.7 Hz); I3c 
NMR (CDCI3) syn: 8 = -5.4, -5.0, 14.0, 18.1, 25.7. 41.0. 52.9, 61.0, 66.6. 70.3. 
126.4, 127.4, 128.0, 128.1, 128.4, 128.6. 136.4, 141.8, 155.3. 173.2; anti: 
(distinguishable peak) -5.0, 14.1.41.8, 52.3, 69.8. 126.0, 127.3, 128.6. 142.2, 155.6. 
173.1; IR (neat) 3343, 2940, 1720, 1518. 1254. 1131. 1038, 839, 781, 699cin-l; 
HRMS (FAB); Exact mass calcd for C26H38N05Si [M-hH]+, 472.2519. Found 
472.2508. 

2 ) ±ti^J}Z^ (11) (21. 4mg, 0. 0454 mm o 1 ) (DA c OE t ( 2 . 
0ml) miUl.^. AcOH (16. 8mg, 0. 0272 mmo 1 ) 5 %P dXC ( 
9. 7mg, 10mol%) ^MiMLX-miJUL fz o ^m%<DT )V::fy if H2 if X y) 

[0 0 5 9 1 

>x<7)it^'^ (12) (13. 4mg. ^mmm) ^mtzo vt t^^v^-^- (12) 

10 0 6 0] 



[^91 



H (3S, S«)-3-(/*rt-ButyI-dimethyl-siIanyloxy)-5-phenyl- 




^Ph pyrrolidin-2-one (12-iiiaJor): IH NMR (CDCI3) 



■^Oh»;'H ^ „oe ^ " 2-21 (<Wd, IH. 

\^ 5.4%. y=5.I, 7.1, 13.2 Hz). 2.46 (ddd, IH, 7= 5.1, 7.5, 13.2 
5.6% Hz). 4.38 (dd, IH, 7 = 5. 1 , 7. 1 Hz), 4.83 (dd. IH, J = 5.0, 

7.5 Hz). 6.02 (brs, IH). 1.20-1 A3 (m. 5H); I3c NMR 
(CDas) 5 = -5.1, -4.5, 18.3, 25.8. 41.5. 55.1, 69.9, 125.5. 127.9. 129.0. 142.1, 176.3; 
IR (neat) 3226, 2927. 2892, 2855, 1715, 1496. 1471, 1331. 1253, 1151, 1091, 1028, 
963, 880, 839, 780, 699 cm '; HRMS (FAB); Exact mass calcd for CeHzeNOjSi 
[M+H]+, 292.1733. Found 292.1733.; 

(35,55)-3-(ter/-Butyl-<limethyI<silanylox7)-5-pbenyl- 
pyrroIidm-2-one (12-ininor): NMR (CDCI3) 5 = 0.15 
(s, 3H). 0.20 (s, 3H), 0.91 (s, 9H), 1.94 (dt, IH, /= 9.2, 
12.6 Hz), 2.75-2.87 (m, IH), 4.42 (dd, IH, 7= 7.9, 9.2 Hz), 
4.53 (dd, IH, 7 = 6.2, 8.6 Hz). 5.76 (brs, IH), 7.30-7.40 (m. 
5H); 13c NMR 

(CDCI3) 6 = -5.1. -4.5, 1 18.3, 25.8. 42.0. 53.9. 70.8. 126.1. 128.2. 128.9, 176.0; IR 
(neat) 3220, 2936, 2858, 2359. 1717. 1463. 1330. 1247. 1151. 882, 838. 781. 698 cm" 
' ; HRMS (FAB); Exact mass calcd for Cx6H2(^02Si [M+H]+. 292. 1733. Found 
292.1736.; 
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) s y n/a n t i It. e e (%) ^^L, ^1 1 t^ti, ^/^■>^J3K!|^<7) 7 - 1/7 - 

2, 7-3/7-4, 7 - 5/7 - 6 3fe?/t; 7 - 7/7 - 8 <7)|B]^fli^:7ixL;^Co 
[0 0 6 1 1 

^<7)jRjS<7)^^7j^f>, E --f^/^^fbti a n t i -Um^:^^ Z h ii s y n -#DPt»7&^ 

, V T ;^ J: i-tMU^X^n hfi^Zt ^mU $ tiTto 

[0 0 6 2 1 
1^1 01 
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(ZS>2>Hydroxy-3-methyi-4-oxo-4-phenyl-butyric acid 
ethyl ester ( syn/anti mixture): ^ H NMR syn (CDCI3) 5 = 
1.26 {t, 3H, y= 7.0 Hz), 1.29 (d, 3H, J= 7.0 Hz), 3.2S (br, 
IH), 3.93 (dq, IH, J=^ 4.2, 7,0 Hz), 4.25 (q, 2H, J= 7.0 Hz), 
4.58 (d, IH, y = 4.2 Hz), 7.40-7.65 (m, 3H), 7.90-8.05 (m. 
2H); anti (CDCI3) 6 = 1 .20 (t, 3H, J= 7.1 Hz), 1 .36 (d, 3H, J = 7.3 Hz), 3.61 (d, IH, 
7=8.3 Hz), 3.98 (dq, lH,/=4.6, 7.1 Hz), 4.10-4.25 (m, 2H), 4.39(dd, lH,y = 4.6, 
S-3 Hz), 7.40-7.65 {m, 3H); ^^CNMR (CDCia) 6 = 12.1, 14.0, 44.3, 61,9, 71.6, 
128.4, 128.7, 133.3, 135.7, 173.1, 201.6; anti (CDCTs) 5 = 14.0, 14.1, 44.0, 61.5, 
73.1, 128.3, 128.7, 133.4, 135.9, 173.1 : IR (neat) ^yn 3480, 3063, 2978, 2936, 1734, 

1678, 1596, 1579, 1449, 1369, 1217, 1133, 1062, 1023, 1001, 975, 952, 862,794, 
70S; flrtJf 3481, 3059, 2981, 2941, 1738, 1685, 1588, 1454, 1372, 1255, 1209, 1144, 
1092, 1024, 973, 701 cm-^; HRMS CFAB); Exact mass calcd for Ci3Hi704 [M+H]+ 
237. 1 127. Found 237.1 118.; HPLC, Daicel Chiralcel AS + ADH -t- AD, 
hexane/TrOH = 4/1 , flow rate ^ 0.5 mL/min : = 46.7 min (2iS, 35), /r = 50-6 min 
i2R, 3R), tti - 54.3 min (25, SR), = 61 .9 min (2/2, 3S). 

(25)-2-Hydroxy-4-(4-methoxy-pheiiyl)-3-m€ thy 1-4- 
oxo-butyric acid ethyl ester ( syn/anti mixture): 
IH NMR syn (CDCh) 5 = 1.28 (t, 3H, J= 7.1 Hz), 1.29 
(d, 3H, y = 7. 1 Hz), 3.35 (br, IH), 3.84-3.96 (m, 4H), 
4.27 (q, 2H, J= 7.1 Hz), 4.58 (t, IH, 4.2 Hz), 6.96 
(apparent d, 2H, J - 9.0 Hz). 7,30-7.45 (m, 5H), 7.95 (parent d, 2H, y= 8.8 Hz); 
anti (CDCb) 5 = 1.19 (t, 3H,y= 7.1 Hz), 1.36 (d, 3H,y- 7.3 Hz), 3.75 (d, lH,y- 
9.3 Hz), 3,88 (s, 3H), 3.94 (dq, 3H, 4.6, 7.3 Hz), 4.15 (apparent dq, 2H, J- 3.2, 
7.1 Hz), 4,36 (dd, IH, J= 4.6, 9.3 Hz), 6.92-6.99 (m, 2H), 7.90-7.97 (m, 2H); i^C 
NMR 53^/1 (CDCI3) 5 = 12.3, 14.0, 43.7, 55,4, 61.8, 71.7, 1 13.9, 128.5, 130.7, 163.7, 
173.1,200.4; anrf (CDCIa) 6 = 14.0, 14.6,43.2, 55.5,61.4, 73.4, 113.9, 128.7, 130,8, 
163,8, 173.2, 201.9; IR (neat) jry/i 3477, 2979, 2935, 2850, 1730, 1670, 1600, 1573, 
1510, 1463, 1420, 1308, 1261, 1173, 1125, 1027, 976, 843, 770, 604; offft* 3478, 2979, 
2941, 2843, 1738, 1671, 1599, 1580, 1510, 1457, 1419, 1370, 1308, 1257, 1216, 1172, 
1 092, 1026, 974, 841 cm-^; HRMS (FAB); Exact mass calcd for C14H19O5 [M+H]"^. 

267. 1232. Found 267.1232.; HPLC, Daicel Chiralcel ADH, hexane/^'PrOH = 4/1, 
flow rate = 0.2 mL/min : t^ = 60,5 min 3R), = 65.4 min (25, 25), /r = 75.2 min 
i2R, 3S), = 78.9 min (2S, 3R). 

(25>4-(4-Cliloro-phenyl)-2-hydroxy-3-methyl-4-oxo- 
batyric acid ethyl ester ( syn/anti mucture): NMR 
syn (CDCI3) 5 = 1 JZ6 (t, 3H, 7= 7.0 Hz), 1 .28 (d, 3H, 7- 
7.0 Hz), 3.27 (brs, IH), 3.87 (dq, IH, J = 4.4, 7.0 Hz), 
4.25 (q, 2H, J = 7.0 Hz), 4.55 (d, IH, 7 = 4.4 Hz), 7.40- 
7.55 (m, 2H), 7.84-7.97 (m, 2H); anti (CDCI3) 5= 1.21 (t, 3H, 7= 7.1 Hz), 1.34 (d, 
3H,y=7-l Hz), 3.53 (d, IH, 8.2 Hz), 3.91 (dq, 1H.J=5.0, 7.1 Hz), 4.08-4.24 (m, 
2H), 438 (dd, IH, 7- 5.0, 8.2 Hz), 7.42-7.52 (m, 2H), 7.80-7.95 (m, 2H>; l^C NMR 
syn (CDCI3) 5 = 12.1, 14.0, 44.4, 62.0, 71.5, 129.0, 129.8, 134.1, 139.7, 173.1, 200.3; 
and (CDCI3) 6 = 13.9, 14.0, 44.1, 61.6, 73.0, 129,0, 129.8, 134.3, 139.9, 173.0, 
201.8; IR (neat) syn 3485, 2982, 2938, 1730, 1682, 1589, 1571, 1488, 1455, 1401, 
1217, 1132, 1092, 1013, 977, 843, 758, 692, 533, 41 anti 3478, 3092, 2982, 2935, 
1738, 1686, 1589, 1455, 1402, 1255, 1208, 1144, 1092, 1022, 976, 842, 751, 527 cm- 
1; HRMS (FAB); Exact mass calcd for C13H16CIO4 [M+H]-^, 271.0737. Found 

271.0745.; HPLC, Daicel Chiralcel AS, hexan&'^^PrOH = 4/1, flow rate = 0.5 mlVmin : 
/R = 15.1 min (2S, 33}, ^R = 16.6 min (25, 3RX t^ = 21.4 min {2R, 3»S), /r = 23.9 min 
(2R, 3R), 



mil] 






2 iiZlt. KfB^f&^(Dm^ (%) > s y n/a n t i Jt. e e (%) ^^L. ^1 3 Hfi 
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(2jr)-3-Benzoyl-2-hydroxy-peiitanoic acid ethyl ester ( syn/anti mixture): 

O a NMRsy/i(CDCl3)6 = 0.93(t,3H, J=7.5H2), I.19(t,3H, 

6h O 

y = 7.1 Hz), 1.70-2.05 (m, 2H). 3.18 (brs, IH), 3.83 (dt, lH,y= 5.3. 8.3 Hz), 4.19 (q, 
2H, J= 7.1 Hz), 4.51 (d, IH, 7= 5.3 Hz), 7.42-7.54 (m, 2H), 7.54-7.62 (m, IH), 7.90- 
8.02 (m, 2H); anti (CDCI3) 5 = 1.04 (t, 3H, 7 = 7.6 Hz), 1 .15 (t, 3H, J = 7.1 Hz), 1 .80- 
1.95 (m, 2H), 3.70 (d, IH. J= 9.5 Hz), 3.83 (dt, IH, 7= 4.2, 7.1 Hz), 4.09 (q, 2H, J= 
7.1 Hz), 4.43 (dd, IH, J= 4.2, 9.5 Hz), 7.46-7.52 (m, 2H), 7.56-7.63 (m, IH), 7.88- 
7.95 (m, 2H); l^c NMR^yn (CDCI3) 5 - 12.0, 13.9,21.3,51.2,61.9,71.1, 128.3, 
128.6, 133.2, 137.0, 173.6, 201.5; anrf (CDCI3) S = 12.0, 13.9, 22.3, 50.1.61.4, 71.3. 
128.3, 128.7, 133.5, 136.6, 173.4, 203.9; IR (neat) syn 1417, 2972, 2876, 1738, 1675, 
1596, 1447, 1372, 1255, 1220, 1 1 18. 1023, 93 1, 849, 779, 101; anti 3485. 3062. 2966, 
2941, 2875. 1738, 1682, 1596, 1579, 1448, 1368. 1268, 1208. 1134, 1100. 1028, 914, 
849, 785, 699 cm-^ ; HRMS (FAB); Exact mass calcd for C14H19O4 [M-i-H]+ 
251.1283. Found 251.1277.; HPLC, Daicel Chiralcel AS, hexanc/'PrOH = 4/1, flow- 
rate = 0.5 mL/min : = 13.7 min (25', 35), = 15.3 min (25, 3R), tR=17.6 min (2R, 
2RX = 23.1 min (2R, 35). 

(25)-2-Hydroxy-3-inetliyl-4-oxo-hexanoic acid ethyl ester ( 
ji j syn/anti mixture): ^H NMR syn (CsDe) S = 0.89 (t, 3H, 7= 7. 1 

aC^Vy^ Hz), 0.99 (d, 3H, J= 7.2 Hz), 1.97-2.08 (m, 2H), 2.70 (dq, IH, J 
OH 6 = 4.9, 7.2 Hz), 3.39 (d. IH, 7= 6.7 Hz), 3.80-4.00 (m, 2H), 4.1 1 

(dd, IH, y = 4.9, 6.7 Hz); anti (CeDe) 5 = 0.87 (t. 3H, 7= 7.1 
Hz), 0.93 (t, 3H, J= 7.3 Hz), 1.02 (d, 3H, J= 7.2 Hz), 1.95-2.22 (m, 2H), 2.65 (dq. 
1H,7= 4.4. 7.2 Hz), 3.05-3.23 (m, IH), 3.80-4.00 (m, 2H), 4.38-4.47 (m, IH); l^c 
NMR syn (CDCI3) 5 = 7.58, 12.8, 14.0, 34.6,49.4,61.3, 73.0, 173.5, 211.3; tfwft' 
(CfiDe) 5 = 7.7. 1 1.0, 14.0, 34.0. 49.5, 61.6, 71.7, 173.7, 209.9; IR (neat) syn 3484, 
2981,2940, 1739, 1716, 1459, 1409, 1375, 1268, 1209, 1108, 1066, 1025,975, 862. 
808, 748; anti 3488, 298L 2940, 1733, 1716, 1459, 1373, 1218, 1145, 1025, 977, 862, 
800, 752 cm-1; HRMS (FAB); Exact mass calcd for C9H]704 [M+HJ+, 1 89.1 127. 
Found 189.1120.; 

<mmm9> 

[0 0 6 7] 

I^l: 1 3 1 

6 

i = 16/84. 94ee (%) T'tf/Co 
[0 0 6 8 1 
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mi 4] 

Q (lS)-Hydroxy-(2-oxo-cycIohexyl)-acetic acid ethyl ester ( 

n jT J syn/anti mixture): iR NMR a«rf((l^, I 'R), tentatively 
EtO'^ry assignment) (CeD^) 5 = 0.95 (t, 3H, y = 7. 1 Hz), 0.94- 1 .20 (m, 2H), 

OH 6 1.30-1.42 (m, 2H), 1.56-1.84 (m, 3H). 2.02-2.12 (m, IH), 2.60- 
2.70 (m, 1 H), 3.35 (d, m,J= 7.2 Hz), 3.84 (dd, IH, 7= 3.2, 7.2 Hz), 4.02 (dq, 2H, J 
= 1.9, 7.1 Hz); distingishable syn peaks 5 = 0.88 (t, 3H, J= 7.1 Hz), 2.12-2.21 (m 
IH), 2.48-2.57 (m ,IH), 2.94 (d, IH, y = 5.0 Hz), 4.60 (dd, m,J= 3.2, 5.0 Hz); ^^C 
NMR a«ri(CDCl3) 6= 14.1, 24.8, 26.9, 30.1, 42.0, 53.7, 61.6. 71.1, 173.4, 21 1.2; 
distinguishable syn peaks 5 = 14.2, 24.6, 27.1, 41.9, 53.8, 61.7, 69.2, 173.6, 210.4; 
HRMS (FAB); Exact mass calcd for C10H17O4 PVI+H]+, 201.1127. Found 201.1127.; 



<II»J 1 0 > 
[0 0 6 91 
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CoCI04»4CH3CN 



O Ri 



0 CH2CI2 OH 
5 6 

entry 2 product yield (%)^ syn/antt^ ee (%)^ 

1 2fe 7f 83 1/99 98 
a*' 2f£^ 7f 93 1/90 97 
3^ 2fE^ 7f 95 1/9f) 98 

4 2fZ 7f 82 98/2 98 

5 2fZ^ 7f 93 98/2 98 

6 2fZ' 7f 96 98/2 98 

7 2gE 7g 96 2/93 98 

8 2gZ 7g 97 98/2 98 

9 2hE 7g 82 3/97 96 

10 2hZ 7g 96 99/1 98 

11 2iE 7i 85 2/98 98 

12 2IZ 7i 79 99/1 98 

13 2jE^ 7j 58 1/99 98 

14 2JZ 7j 92 99/1 98 
IS'' 2ke 7k 83 3/97^ 97 
le"* 2kZ 7k 89 92y8'' 98 
17 21 7\ 85 16/84^ 94 

* Isolated yieW of ketone product. * Determined by HPLC, ^ Ee 
of the nnajor diastereomer, determined by HPLC. 

^ -20 "C. ^1 mol% of catalyst 
was used. 0.1 mol% of catalyst was used. 1 (1 .0 eq.) and 2 
(2.0 eq.) were used. ^ Determined by NMR analysis. 



HN OR 



2f; Ar=Ph. R = Bn ^ 2k 

2g: At = PMP. R = Bn 
2h: Ar = PMP, R = Et 
2i: Ar = PCP, R = Bn 

<mmm i i > 

[0 0 7 01 




5H g 2.TSOH-H20 



Oanti-#^(45. 6mg, 0. 193mmol) OM eOH (1. 0ml) (INa 
BH4 (14. 6mg, 0. 3 9 mm o 1 ) iOViZljQ^. 1 0 ^mmWLfzm^T t V 
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[0 0 7 1 1 

CH2C i2-t:jsttiL. m^^. mmmM^^fz^z^ -e<7)CH2c 12 (imi) mm^T 
sOH-H20^jpx. m?s-c-i3. smm^WLfz. 

[0 0 7 21 

jK):i:>?fb^t3t;^^oN a H c 03 7K?#?i£^j!jn^, c H2 c 1 z-cmtn L. ^.M. mmmM^ 

±BKJZ^^I<'7r-Lfzy ^ h yit^mt^<D e p i (itm : 55/45) vTXx 

^*-7-&^t-^!|^t LTt#/Co 19. 8mg, Um5 3%o 
[0 0 7 3] 

[0 0 7 4 1 

[^16] 

Q (3^, 4R, 55>-3-Hydroxy-4-niethyl-S-phenyl-dihydro-luran-2-one 

HO/^ jr Mp. 150-151 °C, »H NMR (CDCI3) 8 = 0.65 (d, 3H, 7= 7.3 Hz), 2.75 
fjb (brs, IH), 2.98-3.08 (m, IH), 4.79 (d, IH, J= 6.8 Hz), 5.57 (d. IH, 7= 
i 4.6 Hz), 7.25-7.30 (m, 2H), 7.30-7.38 (m, IH). 7.38-7.45 (m, 2H); »3c 
NMR(CDCl3) 5 = 7.4, 41.1, 72.1, 80.2, 125.2, 128.2, 128.6, 135.1, 
177.0; IR (neat) 3443,2963, 1758, 1452, 1414, 1294, 1194, 1148, 1051. 956, 754, 
701, 622. 478 cm-l; HRMS (FAB); Exact mass calcd for CnHizO^ [M+H]+ 
193.0865. Found 193.0872.; 

Q (35", 4Jt, 5i?>-3-Hydroxy-4-met]iyl-5-phenyl-dihydro-faran-2-one 
(«P*- ): NMR (CDCI2) 5 = 1.22 (d, 3H, 7= 7. 1 Hz), 2.62 (tq, IH, J 

4.47 (d, IH, J= 6.8 Hz), 5.26 (d, IH, J= 



(«P*- ): NMR (CDQa) 5 = 
XJ)d = 5.1, 6.8 Hz), 2.86 (bts, IH), 
^ 5.1 Hz), 7.20-7.45 (m, 5H); 



. , ^J^C NMR (CDCI3) 6 = 10.8, 43.2, 69.7, 
85.8, 125.3, 128.6, 128.8, 137.7, 176.9; IR (neat) 3430, 3039, 2924, 
2857, 1772, 1455, 1275, 1202, 1143, 1093, 986, 889, 805, 742, 702 cm l; HRMS 
(FAB); Exact mass calcd forCnHiaOs [M+H]+, 193.0865. Found 193.0864.; 

mm^Lx^ 'mMm7x<7)^m.^<D s y n-i$.iWMt-ri>^tx\ y ^ h y^t^mt 

^(De p i -i^ (itm : 8 6 / 1 4) iR^S 4 %xnfz. 
[0 0 7 51 

^j5gt/<^l^^fit^Sl 7 ^^7J<LfZo 

[0 0 7 6 1 
[^1 71 



"4 



(35', 45", 5J?)-3-Hydroxy-4-methyl-5-phenyl-dihydro-furan-2-one 
HO/,.^ : IH NMR (CDCI3) 5 = 0.87 (d, 3H, J = 7.0 Hz), 2.70-2.92 (m, IH). 

3.18 (bis, IH). 4.24 (d, IH, J= 9.9 Hz), 5.63 (d, IH, 7= 8.1 Hz), 7.05- 
7.18 (m, 2H), 7.30-7.45 (m, 3H); l^c ISfMR (CDCI2) 8 = 13.3, 42.1, 72.2, 
82.4, 125.7, 128.5, 128.6, 135.5, 177.5; IR (neat) 3362, 2970, 1776, 
1455, 1334, 1184, 1 145, 1096, 991, 897, 755, 701, 464 cm-»; HRMS (FAB); Exact 
mass calcd for C11H13O3 [M+H]+, 193.0865. Found 193.0872.; 

(35", 4^, 55)-3-Hydroxy-4-methyl-5-phenyl-dihydro-furan-2-one 
HO, J (®P*- )■ ^^"^ (CDCI3) 8 = 1 .24 (d, 3H, J= 6.4 Hz), 2.41 (tq, IH, 
J= 6.4, 10.6 Hz), 3.24 (brs, IH), 4.25 (d, IH, J= 1 l.O Hz), 4.87 (d, IH, 
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